Abstract-Motivated by MIMO broad-band fading channel model, in this section we deals with the capacity behaviour of wireless MIMO and OFDM based spatial multiplexing systems in broad-band fading environments for the case where the channel is unknown at the transmitter and perfectly known at the receiver. This influence the propagation and system parameters on ergodic capacity, we furthermore demonstrate that, unlike the single-input single-output (SISO) case, delay spread channels may provide advantage over flat-fading channels not only in terms of outage capacity but also in terms of ergodic capacity. Therefore, MIMO delay spread channels will in general provide both higher diversity gain and higher multiplexing gain than MIMO flat-fading channels.
INTRODUCTION
Digital communication using MIMO processing has emerged as a breakthrough for revolutionary wireless systems. It solves two of the toughest problems facing any wireless technology today: speed and range. But this MIMO system having fast framing rate of the order of 1-2 μs will be polluted by ISI when operational in an environment having a typical time delay spread of 200 μs. Thus an ISI value of 200/2 =100 is an undesirable multi-path effect for the real MIMO system. Therefore MIMO cannot achieve zero ISI and hence cannot be utilized alone. A potential disadvantage of MIMO is its complexity, particularly the broadband time-domain version of MIMO. In the presence of delay-spread, a MIMO receiver (space-time equalizer) is quite complex. MIMOs can have potentially been combined with any modulation or multiple access techniques. Among the existing air-interface techniques, OFDM based multicarrier approach may be enabler for the MIMO broadband operation So the fast frames are slowed down first and converted to several slow sub frames and modulated to multiple carriers of OFDM. The use of MIMO technology in combination with OFDM, i.e., MIMO-OFDM [1] [2] [3] , therefore seems to be an attractive solution for future broadband wireless systems. Because in MIMO-OFDM, OFDM simplifies the implementation of MIMO without loss of capacity, reduces receiver complexity, avoids inter-symbol-interference by modulating narrow orthogonal carriers and each narrowband carrier is treated as a separate MIMO system with zero delay-spread. 
OFDM-MIMO (V-BLAST) SYSTEM MODEL
The multiuser MIMO-OFDM scheme which includes arrays of M transmit antennas performs a MIMO vertical encoding (VE)/convolution encoding and N receive antennas (V-BLAST requires N ≥ M) is illustrated in Fig.   1 (a) and Fig.(b) . Assume that the system is operating in a frequency-selective Rayleigh fading environment and that the channel coefficients remain constant during a packet transmission, i.e., quasi-static fading. The MIMO OFDM V-BLAST system operates in the 17 GHz unlicensed frequency band with an available bandwidth of 200 MHz (17.1-17.3 GHz) that is divided into four 50 MHzwidth channels not simultaneously selectable. The binary input data is initially sent to a length 127 pseudorandom sequence scrambler (frequency sub channels) is designed for each of these 50 MHz wide channels. The purpose of the scrambler is to prevent a long sequence of 1s and 0s. The signal is then send a convolution/VE encoder. The de facto standard for this encoder is (2,1,7). The other rate ½ is achieved by puncturing the output if this encoder. Puncturing involves deleting coded bits from output data sequence, such that ratio of uncoded bits to coded bits is greater the mother code. The signal is then sent to an As long as the guard interval, which is another name for the cyclic extension, is longer than the channel spread, the OFDM symbol will remain intact.Hence the information is transmitted in packets. The Rx is the exact inverse process after the incoming packets are stripped of their CP. The quantum of degradation depends on the type of constellation used and the spectral width of the phase noise of the carrier oscillator. For BPSK, there is no appreciable degradation, but in the case of 16 QAM this degradation is 0.5 dB for a phase noise of 40 KHz. Hence, the 10 Hz phase noise is considered negligible.
PERFORMANCE EVALUATION

Ergodic Capacity of MIMO system
The ergodic capacity of a MIMO channel is the ensemble average of the information rate over the distribution of the elements of the channel matrix H . It is the capacity of the channel when every channel matrix H is an independent realization .This implies that it is a result of infinitely long measurements. Since the process model is ergodic, this implies that the coding is performed over an infinitely long interval. Hence, it is the Shannon capacity of the channel. Ergodic capacity of a MIMO system can be expressed as
Where r is the rank of the channel, ρ = signal to noise ratio (E ୱ N ୭ ሻ ⁄ and λ ୧ ሺi ൌ 1,2, … rሻ are the positive eigen values of HH H . The expectation operator applies in this case because the channel is random. Since H is random, the information rate associated with it is also random. The ergodic capacity when the channel is known to the transmitter is always higher then when it is unknown.
This advantage reduces at high SNRs. This is because at high SNRs, all eigen channels perform equally well (i.e., there is no difference in quality between them). Hence, all the channels will perform to their capacities, making both cases nearly identical.
Outage Capacity or Nonergodic capacity for MIMO system
Outage (or failure) capacity is the capacity that guaranteed with a certain level of reliability. In this case, capacity is viewed as a random entity [4] , [5] since it depends on the instantaneous random channel parameters. This situation typically occurs when stringent delay constraints are imposed, as is the case, for example, in speech transmission over wireless channels.
A capacity in the Shannon sense does not exist since, with nonzero probability, which is independent of the code length, the mutual information falls below any positive rate, as small as it may be. We define x % outage capacity as the information rate that is guaranteed for (100-x) % of the channel realizations, that is, x (C ≤ Coutage) = x % [6] . If the channel is known at the transmitter, Fig.4 shows that water-filling is a superior solution.
Ergodic Capacity for MIMO-OFDM system:
For a broad-band MIMO fading channel model, which is based on previous work reported in [7] , [8] , we provide expressions for the ergodic capacity and the outage capacity of OFDM-based spatial multiplexing systems [9] , [10] considering the case where the channel is unknown at the transmitter and perfectly known at the receiver. These expressions are then used to study (analytically and numerically) the influence of propagation parameters such as delay spread, cluster angle spread, and total angle spread, and system parameters such as the number of antennas and antenna spacing on capacity. We find that, in the MIMO case, unlike the single-input single-output (SISO) case, delay spread channels may provide an advantage over flatfading channels not only in terms of outage capacity but also in terms of ergodic capacity. Consequently, MIMO delay spread channels provide not only higher diversity gain than MIMO flat-fading channels but also higher multiplexing gain. The use of OFDM in the context of spatial multiplexing has been proposed previously in [9] , [10] , [11] , and [12] .
However, it appears that no capacity studies of OFDMbased spatial multiplexing systems using the physically motivated MIMO fading channel model provided in this paper have been performed so far. For the single-carrier narrow-band flat-fading case, the impact of spatial fading correlation and antenna array geometry on capacity has been studied in [13] and [14] . To the best of our knowledge, the impact of physical parameters (delay spread, cluster angle spread, and total angle spread) and system parameters (number of antennas and antenna spacing) on ergodic capacity and outage capacity in the broad-band OFDM case has not been studied in the literature so far. Where C ෨ ୈ denotes the reconstructed data vector for the D th tone and n ୈ is additive white Gaussian noise
From equation (2) it can be seen that equalization require s application of a narrowband receiver for each tone D = 0,1,.....n-1. Equation (2) can be rewritten as C ෩ ൌ H ୡ n … . . ሺ4ሻ.
We assume that each of the OFDM symbols transmitted uses a independent realization of the random channel impulse response matrix and that the channel matrix remains constant within one channel use. Using equation 4, the mutual information (in b/s/Hz) of the OFDM based spatial multiplexing system under an average transmitter power constraint is given by [15] , [16] ,
where T ୰ ሺAሻ is the trace of the matrix A. ∑ with T ୰ ሺ∑ሻ P is the covariance matrix of the Gaussian input vector C and P is the maximum overall transmit power. Note that mutual information is normalized by n, since n data symbols are transmitted in one OFDM symbol and that we ignored the loss in spectral efficiency due to the presence of the CP. The nM×nN matrix ∑ is a block diagonal matrix given by
Where the M×M matrices are the covariance matrices of the Gaussian vectorsC ୈ , and as such determine the power allocation across the transmit antennas and across the OFDM tones. If the channel is perfectly known at the transmitter, the optimum power allocation is obtained by distributing the total available power P according to the water-filling solution [9] . In OFDM-based spatial multiplexing systems, statistically independent data symbols are transmitted from different antennas and different tones and the total available power is allocated uniformly across all space-frequency sub channels [9] , [10] . Therefore, we set Utilizing equation (7) equation (8) , therefore critically determining the ergodic capacity (Fig.5) . The more the eigenvalues, the more are the delay paths through the channel. The more the delay paths (Fig.6) , the more routes are available from the transmitter to the receiver. The number of eigenvalues determines the rank of the sum correlation matrix. Each delay path contributes to one eigenvalue. Hence, the more the delay paths, the higher the capacity of the channel. 
CONCLUSION
Based on a physically motivated model for broad-band MIMO fading channels, we derived expressions for the ergodic capacity and for outage capacity of OFDM-based spatial multiplexing systems for the case where the channel is unknown at the transmitter and perfectly known at the receiver. We studied the influence of propagation parameters and system parameters on ergodic capacity and outage probability and demonstrated the beneficial impact of delay spread and angle spread on capacity. Specifically, we showed that, in the MIMO case as opposed to the SISO case, delay-spread channels may provide advantage over flat-fading channels not only in terms of outage capacity but also in terms of ergodic capacity (provided the assumption that delayed paths tend to increase the total angle spread is true). Furthermore, a detailed study of the influence of different antenna geometries on the capacity of OFDM based spatial multiplexing systems appears to be of interest. This problem has been studied to some extent in [17] for the narrow-band frequency-flat fading case.
